Anticoagulant and antithrombotic properties of sulfated-polysaccharides (SP) from marine algae are extensively exploited. However, reports on the vascular effects of SP from red algae are rare in the literature. The polysaccharide from Solieria filiformis (Sf-SP) was isolated by ion exchange chromatography, analyzed by agarose gel electrophoresis and tested in male Wistar rats. The inflammation studies were performed using the paw-edema model and the relaxant activity in isolated aorta pre-contracted with phenylephrine. The anticoagulant effect was evaluated by the test of partial thromboplastin activation time. The SP (1 mg/kg) was not anti-inflammatory, but induced acute edema with maximal activity at 30 min (0.35 ± 0.04 mL) compared to controls (0.05 ± 0.03 mL). Cumulative addition of Sf-SP in phenylephrine-contracted tissues produced relaxation with maximal inhibition of 69% (IC 50 29.3 ± 9.0 μg/mL) at 300 μg/mL in comparison to controls (0.51 ± 0.09 g). Sf-SP also extended human plasma coagulation time by 2.1 times. These substances could be used as important tools for the study of vascular alterations.
Sulfated-polysaccharides (SP) are complex macromolecular constituents of the extracellular matrix of marine algae that play an important role in mechanical, osmotic and ionic regulation. Marine algae are organisms that present high contents of SP, which have been most studied for their anticoagulant and antithrombotic properties [1, 2] . SP were also shown to present anti-inflammatory, antioxidant and antinociceptive properties. Sulfated fucans (α-L-fucose as the major monometer) isolated from brown algae (Phaeophyta) showed potent in vitro [3] and in vivo [4] inhibition of the human complement system, and on lymphocyte rolling [5] ; heparin and sulfated dextran decreased the endothelial damage caused by granulocyte activation [6] ; the red microalga Pophyridium sp was shown to inhibit eritema formation after topical use in humans [7] ; the sulfated galactan (galactose as the major monometer) of Ascophyllum nodosum inhibited the activity of human leukocyte elastase in ex vivo experiments [8] ; the SP of Laminaria japonica [9] and of the sulfated galactan isolated from the Rhodophyta Porphyra haitanensis [10] showed antioxidant properties paralleled by increases in spleen and thymus size, suggestive of an immunostimulant action. Additionally, sulfated galactans of the red marine alga Bryothamnion seaforthii presented antinociceptive activity in mice [11] . However, studies of sulfated galactans in models of inflammation in vivo are rare in the literature. Our group demonstrated that the sulfated galactan from Champia feldmannii presented anticoagulant, antinociceptive and edematogenic activity, increasing vascular permeability and leukocyte migration in rats [12] , and the antitumor effect was described by another group [13] . The multiple role of endothelium in several physiological and pathological situations, such as hypertension, is well known, including the control of the release of vasoactive substances. On the contrary, there is little information regarding the SP vascular effects in vitro, although it had being found that a SP from a sea cucumber smooth muscle may act as an endogenous Ca 2+ -ATPase regulator [14] .
From the red alga Solieria filiformis, widely encountered on the south east and north east Brazilian sea coast, a protein (lectin) has been isolated that stimulates the growth of Gram-positive bacteria, but inhibits that of Gram-negative bacteria [15] .
In this work, the vascular effects of a SP isolated from S. filiformis (Sf-SP) were investigated in vivo and in vitro. Sf-SP was isolated by ion-exchange chromatography and analyzed by agarose gel electrophoresis. This SP was shown to be anticoagulant, edematogenic and also induced vascular smooth muscle relaxation.
The crude extract of S. filiformis exhibited a high content of sulfated-polysaccharide (25%). The total sulfated-polysaccharide isolated and fractioned by ionexchange chromatography (DEAE-cellulose) revealed a majority fraction eluted with 1.2 M NaCl (Sf-SP). This fraction showed a relatively low carbohydrate concentration, but high metachromatic activity, suggesting a high content of sulfated polysaccharide ( Figure 1A ). The agarose gel electrophoresis profile of Sf-SP showed a single band, although poly-disperse ( Figure 1B ).
Fractions eluted with 1.2 and 1.6 M NaCl from DEAEcellulose showed maximal anticoagulant effects, presenting a delay in the coagulation time around 2.5 (97.7 s) and 2.1 (82.2 s) times higher, respectively, compared to the normal partial thromboplastin activation time (38.4 s), as seen in Table 1 . The anticoagulant effect of sulfated polysaccharides is very well known [1] and more recently, the edematogenic effect was also demonstrated for the galactan of Champia feldmannii [12] . In respect to the effect on inflammation, s.c. administration of carragenan (2 mg/paw) and dextran (300 μg/paw) elicited a temporal course of edema, with respective peaks at 3 h (1.22 ± 0.08 mL) and 30 min (0.78 ± 0.04 mL) after injection, compared to the saline group that occurred at 30 min (0.05 ± 0.03 mL). Systemic treatment of animals with Sf-SP (1 mg/kg; i.v.) prior to injection of stimuli (non-osmoticcarrageenan or osmotic-dextran) [16] did not inhibit the edema evoked by both agents ( Table 2 ). 
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Sf-SP These data are in accordance with the literature that correlates anti-inflammatory effects with sulfated fucans, but not with sulfated galactans [17] . However, Sf-SP local injection in the animal paws (1 mg/kg; s.c.) induced per se a time-course paw edema that was significantly maintained until the 4 th h of development.
The maximal activity was observed at 30 min (0.35 ± 0.04 mL) in comparison with controls injected with saline (0.05 ± 0.03 mL) ( Figure 2 ). It is important to highlight that this acute paw edema was approximately 3 times less potent than that induced by carrageenan, a classical inflammatory stimulus. The inflammatory reaction induced by Sf-SP could be seen as a defense mechanism of the immune system. This effect is in line with the suggestion that the sulfated polysaccharides from P. haitanensis [10] and C. feldmannii have an immunostimulant activity [13] .
Vascular endothelial cells are responsible for the production of both contractile [18] and relaxant factors that are able to maintain vascular homeostasis [19] . Relaxant effects with dependence on the endothelium were shown in rat aorta by our group for lectins from marine algae [20] and leguminous plants [21] . However, according to our knowledge, there are few literature reports for sulfated polysaccharides. Thus, based on the edema induced by Sf-SP, a condition which involves vasodilatation, this SP was tested in an in vitro vascular model of rat aorta contractility. Phenylephrine (0.1 μM) induced stable, tonic contractions in rat aortic rings with an amplitude of 0.51 ± 0.09 g in preparations possessing intact endothelium. Cumulative addition of Sf-SP (1-300 μg/mL) on the endothelized tissues contracted with phenylephrine produced significant relaxation at 30, 100 and 300 μg/mL ( Figure 3A, C) . The maximal inhibitory activity at 300 μg/mL was approximately 69% (IC 50 29.3 ± 9.0 μg/mL) in comparison with control. However, no relaxant effect was observed in endothelium-denuded tissues (Figure 3B, C) . One important observation of this study was that Sf-SP did not alter the basal tonus (data not shown), an interesting feature of substances with antihypertensive properties. Another important observation was that, in all protocols, Sf-SP did not alter the responsiveness of the tissue, since at the end of each experiment, the KCl-contractile response was similar to the initial tone ( Figure 3A, B ). This lack of toxicicity is also an interesting feature of drugs with potential therapeutic applicability. The significant relaxant effect presented by Sf-SP in endothelized aortic rings suggests that this action may be related to the vasorelaxant role of the endothelium derived factors.
Our study showed that the sulfated-polysaccharide from the red marine algae S. filiformis possesses significant edematogenic and relaxant effects, but discrete anticoagulant property. This SP would be a useful tool in vascular alteration studies. 
Sulfated polysaccharide extraction:
The algae, after collection, were washed with running water, dehydrated and cut into small pieces. Two g of dry tissue was re-hydrated with 50 mL of 100 mM sodium acetate buffer, pH 5.0, containing 5 mM EDTA and 5 mM cystein and incubated for 24 h with papain (30 mg/mL) at 60ºC. After incubation, the mixture was filtered and centrifuged (8,000 x g) at 4ºC for 20 min. The SP from the supernatant was precipitated with 3.2 mL of 10% cetylpyridinium chloride (CPC) at r.t. for 24 h. After centrifugation (8,000 x g; 20 min; 4ºC), the pellet was washed with 100 mL of 0.05% CPC, dissolved in a solution of 34.8 mL of 2 M NaCl: absolute ethanol (100:15; v:v), and the SP precipitated again by addition of 61 mL of absolute ethanol for 24 h at 4°C. The pellet was collected by centrifugation (8,000 x g; 20 min; 4ºC), washed twice with 100 mL 80% ethanol, and once with 60 mL absolute ethanol, and dried at 60ºC overnight [1, 2] .
Sulfated polysaccharide isolation by ion exchange and agarose gel electrophoresis:
One mL of the crude extract, containing 1 mg of total SP from S. filiformis was applied to an ion exchange chromatography column (DEAE-cellulose), equilibrated with the extraction buffer at 60 mL/h. Elution was performed with a step wise gradient of 0.5-1.8 M NaCl in the equilibrium buffer. Fractions were monitored for the presence of sulfate groups by metachromatic activity (A 525 nm) with 1,9-dimethylmethylene blue (DMB), and total carbohydrate content by the DuBois method at 490 nm. The DEAE-cellulose 1.2 M fraction (Sf-SP) was dialyzed, lyophilized and solubilized in 0.15 M sterile NaCl (saline) for the biological assays. Sulfated polysaccharides (CE and Sf-SP) were concentrated and applied to a 0.5% agarose gel in 50 mM 1,3diaminopropane (pH 9.0) and run at 100 V for 80 min.
The gel was fixed with 0.1% N-cetyl-N,N,Ntrimethylammonium bromide for 12 h, dried, and stained with 0.1% toluidine blue in 80% ethanol [1] .
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Evaluation of Sf-SP anticoagulant activity by the test of activated partial thromboplastin:
Activated partial thromboplastin clotting assays were carried out using normal human plasma poor in platelets (50 μL), obtained from citrated (0.9%) blood of 5 donors after 1 min incubation with 5 μL SP [22] . Then, 50 μL activated cephalin was added and the mixture was incubated for 2 min at 37°C. Following this, 50 μL of calcium chloride (0.25 M) was added to the mixture and the coagulation time registered in a coagulometer (Drake -Quick Timer). Heparin (193 IU/mg) was used as standard.
Sf-SP activity in the in vivo model of paw edema:
Paw volume was measured immediately before subcutaneous (s.c.) injection of inflammatory stimuli (zero time) into the hind paw of rats (n = 5-8) and at selected time intervals (0.5, 1, 2, 3, 4 h) thereafter by hydroplethysmometry. Results were expressed as the variation in paw volume (mL) measured at different times after stimuli, subtracted from the basal volume measured at zero time. The area under the time-course curve (AUC) was calculated using a trapezoidal rule and results expressed in arbitrary units [23] . A) antiinflammatory activity: dextran (300 μg/paw) and carragenan (2 mg/paw) [11] were injected s.c. into animal paws (0.1 mL/100 g body mass). SP was injected intravenously (i.v.) 30 min before injection of the inflammatory stimuli (1 mg/kg). Positive and negative edema controls received the flogistic agents and the same volume of sterile saline, respectively. B) pro-inflammatory activity: paw-edema was induced by s.c. injection of SP at 1 mg/kg (0.1 mL/100 g of body mass). Control animals received the same volume of sterile saline.
Sf-SP activity in the in vitro model of smooth muscle contractility:
Rats were killed by stunning and cervical dislocation. After sacrifice, the thoracic aorta was quickly excised and placed in Tyrode solution. Tissues were then cleaned of connective tissue and cut into rings approximately 0.4 cm long. Aortic rings were fixed in an organ bath chamber, filled with 10 mL Tyrode solution, bubbled with a mixture of 95% oxygen and 5% carbon dioxide and maintained at 37°C. A resting tension of 2 g was applied and tissues were left to equilibrate for 60 min. Before and after all experimental protocols, 60 mM KCl was added to the tissues in order to evaluate their responses. Changes in active tension were measured isometrically using a force transducer connected to a computerized data acquisition system (Chart 4.1; PowerLab AD Instruments, Inc.). Remotion of endothelium was assessed by mechanical rubbing of the aorta intimal surface and its presence was determined by addition of acetylcholine (ACh, 1 μM) to aortic rings precontracted with phenylephrine (1 μM) [24] . Intact endothelium was considered for relaxant responses to ACh greater than 75% of the phenylephrine-induced contraction. After tissue washing with Tyrode´s solution, Sf-SP was added in cumulative concentrations (1-300 μg/mL), at 10 min intervals, to endothelized tissues (n = 4-7) precontracted with phenylephrine (1 μM). Data were expressed as percentage of the contraction control.
Statistical analysis:
Data are presented as mean ± S.E.M. of n animals per group and statistical differences were analyzed using ANOVA followed by either Duncan's test or Student t test. Statistical significance was set at P < 0.05.
